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(54) Title: DISPLAY DEVICE AND METHOD OF DSSPLAYINO AN I^flAGE 



(57) Abatract: A itic?hod of displaying aii image, v/hcfcin a firsi density of 
image pixek. Bflch comprising a sub-pa'xel is ditplayed on 9 display having 
a secomd dansity of display pi^^pls. Each display pixel lias at Ibosr iwo spa- 
dally offset display sab-pixcU. The display sub-pixels arc able to display a 
first color and a second color, rcspeclively. According lo the invention, the 
image is resized lo sn interniedlate image having a third density of inicr- 
raediace f mage pixels, each comprising an jncetmediiHe image sub-pixel, and ihc display sub-pij^cjfi are displayed with a j^speciive 
intensity which is dclennined irom ihc coirespordinB iniemiedialc image sub-pixcls- This reduces the image aitifacu when the 
di5play screen is oscd with sHffejcui image standaids. 



in - 3x2 out 
3X3 filter 

subpixel centered 
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Display device and method of displaying an image 



The invenlion relates to a rojethod of displaying aa image, the method 
compliant a step of providing a first density of hnagc pixels, eaoti comprising a aub-pixel, a 
step of providing a display having a second density of display pixels, the second density 
being smaller than the first density and each display pixel comprising two spatially ojBfeet 
5 dia[play sub-pixels b^g able to display a fixst color and a second color, tespecdvely , tnd a 
step of ftygplflyiTig the display subrpixels witlL an intensity iwhich depends on the 
corresponding image sub-pixds. 

Tbe invention also relates to a display d&vice for canyijag out iliis mettiod. 

10 

The method can be used for displaying images on Plasroa Display Panels and 
for displaying images on very large displays with a sctccn diagonal of, for example^ several 
Deleters. Such a large display may consist of a screen with different red, green and bhie LEDs. 
Several different patterns can be used to distribute the LEDs on the screen. One configuration 
15 is, for example, a hexagonal configuration as shown in Fig 1. 

A meOiod and dis|>lay device as mentioned in the opening paragraph axe 
knowi from US 5,341,153, In the known roettiod, a red display sub-pixel is displayed vvith an 

20 intensity vt^hioh is a fimction of at least two red image sub-pixels extending bctoss a first 

region centered at the position of the red display sub-pixd. The first regionhas an area which 
is largcar than the area of the first display sub-pixel. A green display sub-pixel is displayed 
witii an intensity which is a function of at least two green image sub-pixels, extending across 
a second region centered at the position of the green display pijceL The second region has an 

25 area which is larger than the area, of the second display sub-pixel. A blue display sub-pixel is 
displayed with an intensity which is a function of at least two blue image sub-pixels, 
extending across a third re^on centered at the position of tlic blue display pixel. The third 
region has an area which is larger thEin the area of the second display sub-pixel. A 
disadvantage of this method is that the scalmg factor between the first density of image pixels 
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and the second density of display pixels may be a non-integer valus, la this case, the relation 
between the image pixels and the red, green and blue display pixels, Le &e LED positions 
changes ^with the positians of the image pixjeU lesulling in complex calculations or artifacts in 
the displayed imagei Therefore, integer values of the scaling factors axe selected. This limits 
the fiexibilily with respect to the resolution and/or size of the display screen, given the 
modular building possibilities making the LED screeus atwi the different display 
standards, for example KTSC, PAL, VGA, SVGA, XVGA, A modular LED screen can be 
assembled with modules consisting of; for example, 32x 32 LEDs. 



10 

It is an olject of the inveotion to provide a method of difiplayii^ an image 
with improved image quality on Ihe display screen having a predetemdned resolution and/or 
size and jbr use with difierent display standaxds. This olgect is acbieved by amefliod in 
acGoxdance with the inveiiAiona which is cbamcterized in that tibie method itarther compnses, 

15 before Hie step of diffplayhig, a step of resizing the first density of iiist image pixels to a third 
density of intennediale image pixels, each comprismg an intermediate image sub-pixel, and a 
step of deteimining the display sub-pixels from a predetramned number of corresponding 
intemiediate image sub-pixels. Tliis allows selection of suitable scaling factors for obtaining 
the display pixels from the intermediate image sub-pixels. A further advantage is thai these 

20 scaling Actors enable tJxe step of deteraiimng the display sub-pixels from the intennediale 
sub-pixels to be carried out by using simple calculations. This may result in a simple 
hardware implementation using existioB scaling oirouits, which can only perfoma filtea: 
operations in a rectangular grid for converting the intermediate image from the image. The 
mcfliod as claimed aDows application of a display screen with a predeterained resolution, 

25 pixel configutadon and/cnr size fox use with different video standards, whldh display screen 
can be made of several display modules consisting of a predetermined number of LEDs. 

A preferred embodiment of tiie mediod in accordance with the invention is 
characterized in that intennediate pixels have a higher density ttian the display pixels. In this 
vvay, an ixxgiroved resolution of the display is perceived. 

3Q A further embodiment of the method in accordance with the invention is 

characterized in that the display sub-pixels are arranged in a display grid and the intermediate 
iniagc pixels arc arranged in an intermediate grid, and the ratio between the third density and 
the second density is determined from an integer multiple of the rairTmuTn number of points 
of the intermediate grid to depict the grid corresponding to the display sub-pixels. This 
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allows seleotiorL of the intexzaediate grid, so that fbr one selected color on optimal filter 
configuration can be obtoniBd for oaloulatiDg the display sub-pixels from the intermediate 
sub-pixela. 

A fUtther embodiment of tiie method in accordance with the invention is 
5 chaiacterizedin that the display sub-pixds are arranged in a andthethird 
density of intermediale pixels is an integer mnltiple of 3 x 2. For this selection of the 
intermediate grid, the two-dimensional filters for determining the display sub-pixels from the 
intennediate sub-pixels may be identical for each color of the display screen and can be 
performed by a single processor. 

10 It is a farther olject of the invention to inrovlde a display device for displaying 

an image v4th improved image qoality on a display screen with a pzedetenaiiiued resolatioiii 
and/oT dze and fi>r use wi& differeast display standards. This object is achieved by a device in 
accoxdaoce with the invention, "wbidi is diaiacterized in that that the display device 
coitprises means for resizing tiie first diraisity of Sist imag^ pixels to a third density of 

15 - inteimediate imagie pixels, each comprising an intermediate image sub-pixel, and in that the 
prDcessLng migaxius are fiulher arranged to detenxiinc the display sub-pixels £om a 
predetemiined number of cojresponding intermediate injage sub-pixels. 

These and other aspects of the invention are apparent Item and wll be 
elucidated with reference to the embodiments described hereinafter. 

20 Inthedmwmgs: 



Fig. 1 is a Uock diagram of a LED display device 
Fig. 2 shows aLED arraog^^ of a display screen. 
25 Fig' 3 shows an aizangement of LEE>s in display phceils. 

Fig- 4 shows an inlfirmediate grid and a di^lay grid of a first example of a 

display device. 

Fig. 5 shows a filter environment for the first example^ 
Fig 6 shows an jnteimediate grid and a display grid of a second sample of a 
3 0 display screen, and 

Fig 7 shows a filter envizonnKrat for the second example. 
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Fig. 1 is ablQck diagram ofa display device 1 cxmq)nsinganiinagiBscmrce3fbr 

prAvidin g m in p ut rniage U nrevijirigitig a find: dcriQity of image pncels. The image SQUroe 3 may 
beaperaondcoropixteroratekvisioKLEacbix^^ 11 consists of tiboree 

sub-pixels ia lespective red, gie c n and blue colors. Ibe image soiuce 3 is cdjmected to a scalw S 
5 for lesizLog ibs input image with a first density of first image pixels to an iixteamediate image 
1 3 with a third density of intermediate image pixels. Each, intemiediate pixel comprises three 
intermediate sub-pixels in the colors red, green an blue. The scaler 5 is connected to tlie 
display screen via a processing means 15. The display screen 9 comprises a plurality of 
display pixels having a second density. Bach display pixel comprises three display sub-pixels 

10 which have a spatial o£&et Bach sub-pixel of a single pixel is fbmited by LEDs emitting 
radiation in one of the respective red» green and bhie colors . 

Fig.2 diovrs a LED arrangement 20 in a hexagonal grid. This anangraoent of 
the red, green and blue LEDs R»G3 is refened to as the DeltaNsbla arrangemeoL 

Fig 3 sbov/s an axiangemetit 30 of three color sub-|^xels or LHDs in display 

1 5 pixels. The top half 30 of Fig.3 shows ihe DehaNabla arrangement of the red> green and bine 
LEDs R,G3. The bottom half of Fig. 3 shows that the DeltaNabla anangement results in a 
rectangular grid of display pixels 31,32,33,34. The rectaiigular grid may cwrespondto the 
pixels of an input nnage, shown in Kg. 3 as squares 31,32,33,34. However, in order to reduce 
casta, the red, gi«en and blue LEDs usually have a lower densify than the image pfacels inthe 

20 irqput image. There is also a spatial ofiset between the red, green or blue LED. This of&et 
depends on the color of the display sub-pixel and the pixel position and may ^ve rise to 
colored image artifacts. To compensate for this ofeet, the display sub-pixels are determined 
by filtering the pixels of Ihe input image in The processing unit 7. 

Furthmnore, the display screen may be assembled from a nnmbet of modules 

25 consisting of, for example^ 32x32 IMDs, The display screen may consist ot for exanqjle, 384 
(horizontal) x 288 (vertical) modules. DiflEerait conibinations of these 32x32 modules allow 
adaptation of the resolution and/or size of the display screen 9 to difiBsxent viewing conditions 
is both outside and inside applications. 

In order to incwase the flexibility of screen sizes and resolutions of the display 

30 screen, the scaler 5 resizes the input image 1 1 with a first density of im^e pixels to an 
intermediate image 13 with a third density of intermediate pixels. Preferably, Ihe third 
density of intermediate pixels is larger than the first density of imago pixels. The ratio of the 
third density of intermediate pixels and the second density of display pixels is an integer 
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multiple of Ibe zxiiiuzxnuii number of points of the intennediate grid to de&cribe ibe diqilay 
grid of the display scxeea 9 with, fhe intenziecfiate gtid. 

In a first example, the red, green end blue display sub-pixels are calculated via 
difTerent two-dimensional fQters from 13ie intemiediate red, green and blue sub-pixels of fiie 
5 intemifidiate image 13. 

Fig- 4 shows a grid of inieraiediate pixels 41,42,43,44, 45 and 46 and a grid of 
display sub-pixels R,G3 of a first example of a display screen for use in the display device 1 . 
The grid of red, greeai or bine diqilay sub-pixels R»G3 can be depicted by two rectangular 
intermediatB grids with on ofi&et in both orthogoual directions. In this example, the display 

10 grid of the green sub^pixeils is a hexagonal grid which can be described by a single pdnt in 
the X-dicection axxd two points of the intennediate rectangular grid in tbe Y-directian. The 
display grids of the respective red and blue sub-pixels axe hexagonal grids which cm be 
described by three points of the intennediate rectangular grid in the x-direotion and t^o 
points in the y-diiectiom. The sampling functions &r tiie lespective red, green and blue 

IS display pixels are then: 



Ghc«Boo«i G(x,y) (A2^ ^x,y) +A2^ Ay(x+Ax,y+Ay/2)) 
Bh^wewai = BCx^) CCAaAxAy(x+-Ax/3.y) +A2A^iiy(x-2Ax/3 jfH-Ay/2)) 

20 

vdierein A^^x,y) represents a two-dimensional sampling functiDn, 
x, y represent the coordinates in "ftie display grid,- and 

^ Ay represent the pitch, in the respective horizontal and veitioal directions in the display 
grid. 

25 In this example, the pitches Ax, Ay are equal to the distance of two adjacent 

centers of the region occupied by the display pixel in the respective orthogonal directions. 

In order to improve the picture quality, the ratio between the third density of 
the intennediate grid and the second density of the display grid should be an integer multiple 
of the number of points of the intermediate grid to depict the hexagonal grid of the display 

30 pixels with the intermediate grid. In this example, an integer multiple of 1x2 such as 2x2 or 
3x2 may be used* 

Fig. 5 shows the ooe£5cients of the respective two-dimensional environm^it 
of the filters for obtaining the green display sub-pixel Gt , the blue display sub-pixel B 1 and 
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the red display sub-pixel Rl , la this example, the positions of fte pixels of the intetmediate 
grid ate synunetrical vAth ffae position of Ibe green display sub-pixel in the display grid. 
HieEeifoze, the two-dimeimonal filter- &r the green dlspl^ sub-pixels is ceDtered around tiie 
sub-pixels and can be optimally chosen. The positioDS of the respective red and blue 
5 intermediate sub-pixels arc not symmetrical with the position of the respective red and blue 
display fiub-pixels in the display grid. Therefore, the two-dimensional filters for Hiq 
respective red and bhie display pixels are diHerent This selection of two-dimensional filter 
geometries leads to an improved percdved picture quality because the visual perception is 
more s«isitive to green U^t. 
10 Fig. 6 shows a grid of intermediate pixels 61,62,63,64, 65 and 66 and a third 

grid of display sub-pixels R»G3 of a second example of a di^lay device. In this example, 
Ihe display grid is a h^agfmal grid desoribed by Ihree points of the Hdxd in t«rm ed ia t» grid ia 
the x-diiectian and two points in the y^ectton as can be derived for the ROB sampling 
function: 

15 

ROBh^afidDiir R(x,yXAMj(;^(x-Ax/3,y) + AM3Uy(3s+-2Ax/3,y+Ay/2 )) 
+ G(x,y) ((A2&x.Ay(x,y) + A2AMy(x+Ax,y+Ay/2)) + 
B(3C,y) ((A2AxAy(»+^Ax(f3.y) +A2Axisy(x-2Ax/3,yf Ay/2)) 

20 

wherein AAi^Aj(x,y) represents a two-dimensional sampling ^nctioii, 

x> y represent the coordinates in the sampling grid, and 

Ax, Ay represent the pitch in the respective horizonlal and vertical directions. 

In this second example, the pitches Ax, Ay arc equal to the distance of two 
25 adjacent centers of the re^on occupied by the display pixeL 

The rectangular grid of the intenncdiate pixels is described by a second two- 
dimensional sampling function AAx/3,dy/2Cx,y). In this second example, the ratio of the third 
density of the mtermediaie pixels and the second density of the display pixels should be equal 
to an integer multiple of the number of points of the intermediate grid to depict the hexagonal 
30 display grid using the intermediate grid. The ratio between the densities of the intermediate 
grid and the display grid should then be an integer multiple of 3x2 such as 3x4 or 6x2. 

Pig. 7 shows the coefficients of the respective two-dimensional environment 
of tib,e filters for obtaining ihe green display sub-pixel, the red display sub-pixel and the blue 
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display sub-pixel. la this embodimcat, flie positions of the lespccdve ted, green and bhie sub- 
pixels of fhe iutennediate grid coindde wi& liie positions of ibe respective red, green and 
bhie display sub-pixels in the display grid. Therefore, the two-dimensional filters for all 
display sub-pixds R,C^ and B may be identical and can be petfbnned by a single piocessoTj 
5 fox example, a generally known programmable gate atray. Furthermore, for the given second 
and third densities of tfie display image and the intermediate image, the positions of fhe red 
and blue sub-pixels of the intEimediate grid coindde widi the positions of the respective red 
and blue LEDs 70 in fhe display grid, reducing artifacts. 



limit the inveoAon^ and that tiiose skilled in the art will be able to design many alternative 
solutions without departing fiom the scope of the claims. In tiie claims enumerating several 
means^ several of these means can be embodied by ax and the same item of hard:ware. The 
invexitioti is preferaibly applied in largBp^creen displays and other imitzix displays (digital 



It should be noted that tiie abo ve-meutianed embodiments illustrale rather than 



mioro-mincored devices, plasma display panels (PDP) , PALC displays, LCD, etc). 
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CLAIMS; 



1 • A method of displayioig an image. Him metHiod compnaiiig a step of proYidiiig a 

txst densify of image pixels^ each comprisu^ a sub-pixel^ a step of providing a display 
having a second density of display pixek^ the second density being smaller than fhe first 
density, and each display pixel oompsnsing two spatially o£&et display sub-pixels being able 
5 to display a fixst color and a second color, tespectivelyy and a step of displaying the display 
sub-pixels with an intensity which depends on the cotresponding image sub-pixels^ 
characterized ia that the method furdier coniprises, before the step of 

displaying, 

a step of resizing the lirst density of first image pixels to a third density of 
10 iotermediate image pixels, each comprising an inteEraediate image sub-pixel^ and 

a st&p of determining the display sub-pixels fiom a predetermined nmnbeir of 
cotresponding jixtermcdiate image sub-pixels. 

2. A method as claimed in daim 1, wherein intennediate pixels have ahigher 
15 density tiiantiie display pixels. 

3 . A method as claimed in claim 1 , ivherein fhe display sub-pixels ate arranged 

in a display grid and the intettnediate innage pixels ate atranged in an intermediate grid, and 
the ratio between the ^urd density and the second density is detetmitied from an integer 
20 multiple of the tninimmn number of points of tho intecmediate grid to depict the grid 
corresponding to the display sub-pixels. 

4. A method as claimed in claim 3, .wherein the display sub-pixels are arranged 
in a hexagonal grid and the tiiird density of intennediate pixels is an integer multiple of 3 x 

25 2. 

5. A display device comprising 

means for providing a first density of image pixels, each comprising an image 

sub"pixel. 
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a display screen having a second dwaty of display pixels, vAndh is smalls 
thaa the first density, each display pbcd conqnising two spatially offset display sub-pixels 
being able to display a first and a second eoloTi xespectLvely, and ptooessu^ means for 
displaying &e display sub-pixels mth m hitensiQr ^^ch depends on the oonesponding 
5 image sub-pixels^ characterized in that 

the display device compiises mems for resizing the first densitsr of first image 
pixels to a third density of intermediate image pixels, each comprising an intermediate image 
sub-pixel, and in that 

the processing means ate further arranged to determine the display sub-pixels 
J 0 from a predetemiined number of corresponding intennediabB iroage sub-pixels. 
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